ABSTRACT
INTRODUCTION

45
Fish, with almost 30,000 species, represent half of all vertebrates (Helfman et al,. '09).
46
They colonize nearly all aquatic habitats, which are subjected to cyclic changes in the 3 environment governed by geophysical cycles such as the Earth's rotation around its axis (e.g. 
66
Environmental factors can trigger or determine the process of gonad development in 67 some fish (environmental sex determination, ESD) and can lead to skewed sex ratios in wild 68 or farmed fish (Siegfried, 2010) . Moreover, in later stages, these factors can have an impact 69 on the undifferentiated gonads, which are highly susceptible to external stimuli, overriding the 70 genetic sex determination (GSD) and thus switching the fate of the gonad towards the 71 opposite sex. However, the distinction between both mechanisms is not always clear In all vertebrates, sex steroids affect the development of germ cells and other cell-79 types, as well as the organs involved in sexual differentiation (Devlin and Nagahama, 2002 
146
On 247 DPH, sex steroids (T, 11-KT and E 2
Data collection and histology analysis
150
) were measured in fish muscle by ELISA.
147
The hormone analysis was performed at this time to ensure that steroid levels in the 148 experimental fish were within the limits of the assay sensitivity. 
RESULTS
199
Growth performance
200
The growth of soles under the three experimental thermocycles was similar until 145
201
DPH. At 152 DPH, the juveniles under the TC thermal cycle were larger in size (6.6 ± 0.2 202 cm) than those exposed to CT (5.7 ± 0.2 cm) (ANOVA, Duncan's test, p=0.043). Fish 203 exposed to constant temperature were 6.3 ± 0.2 cm long and showed no statistical differences 204 from the TC and CT groups (Fig. 2) .
205
As regards body weight, there were no significant differences between groups until the TC and CT groups, but at 152 DPH (2.8 ± 0.2 g) it was higher than the mass of CT fish 210 (Fig. 2) .
211
Gonad development and differentiation
212
In fish exposed to TC sex differentiation occurred earlier, since at 110 DPH only 10% 213 of sole were not distinct, whereas 45% of fish under CT were still undifferentiated (ANOVA,
214
Duncan's test, p=0.042). All fish under TC were differentiated at 117 DPH, whereas complete 215 10 sex differentiation of the population in the groups under constant temperature and CT did not 216 occur until 131 and 138 DPH, respectively (Fig. 3 ).
217 Figure 4 shows a clearly differentiated ovary in sole subjected to TC (Fig. 4A ) and a 218 differentiated teste in sole under CT (Fig. 4B) .
219
Sex ratio
220
Fish under TC showed a higher proportion of females (70.8 ± 2.6%) than males (21.2 221 ± 3.4%), whereas sole exposed to CT showed a proportion of males (82.5 ± 5.8%), which was 222 significantly higher than the percentage of females at 152 DPH (17.5 ± 7.6%) (ANOVA, p=0.041). (Fig. 5) . constant temperature (7.6 ± 1.2 pg/g) than in fish under TC (5.4 ± 0.8 pg/g) (ANOVA,
231
Duncan's test, p=0.039). As regards T, fish exposed to constant temperature and CT (23.3±2.3 232 pg/g) showed higher levels than those under TC (13.4±1.0 pg/g) (ANOVA, Duncan's test, 233 p=0.039) (Fig. 6 ).
234
DISCUSSION
11
Although the effect of (constant) water temperature on larvae development and sex 237 determination in fish is well known, the effect of daily thermocycles has never been explored.
238
The results provided by the present research reveal the strong effect of daily cycles of water 239 temperature on gonad differentiation, sex ratio and sex steroids in Solea senegalensis.
240
Therefore, this species should be considered a thermosensitive species, as seen in previous 241 studies investigating other fish species, in which temperature was seen to affect the sex ratio constant temperature exhibited delayed metamorphosis, especially in larvae exposed to CT,
274
which also showed the slowest development, as seen in the present investigation.
275
In an early paper, Hontela and Peter ('83a,b) found that daily thermocycles in goldfish Oreochromis niloticus (Rougeot et al., 2007) . In the present study, the concentrations of 11-
285
KT and T were significantly lower in the TC group (with the highest proportion of females),
286
while the concentration of E 2 was significantly higher (Fig. 6 ). Some studies have reported with the sex steroids ratio.
297
In conclusion, the present paper has revealed that daily thermocycles applied during 308 early larval development have a strong impact on gonad development and the sex ratio, as 309 well as on sex steroids concentrations. These findings should be considered when designing 
494
The sample sizes are N=20 in each group. Letters indicate significant differences
495
(p<0.05) between groups within each sampling point (age DPH). 
